Evaluation of incorporation characteristics of mitoxantrone into unilamellar liposomes and analysis of their pharmacokinetic properties, acute toxicity, and antitumor efficacy.
Mitoxantrone (MTO) was incorporated into small unilamellar liposomes by formation of a complex between the anticancer drug and negatively charged lipids. The complex was formed at a 2:1 molar ratio between the lipids and MTO, with phosphatidic acid (PA) being the strongest complex-forming lipid. Weaker complexes and lower incorporation rates of MTO resulted when liposomes containing dicetylphosphate, phosphatidyl inositol, phosphatidyl serine, phosphatidyl glycerol, oleic acid, and tridecylphosphate were used. Thus, all further experiments were performed with PA-MTO liposomes that contained 0.1-3 mg MTO/ml and had mean vesicle sizes of 40-150 nm, depending on the drug concentration and the method of liposome preparation. In vitro incubations of free and liposomal MTO with human plasma showed that the drug is slowly transferred from the liposome membranes to the plasma proteins. For liposomal MTO a transfer rate of 48% was determined, whereas 75.8% of free MTO was bound to the plasma proteins. The organ distribution of the two preparations in mice showed that higher and longer-lasting concentrations of liposomal MTO were found in the liver and spleen. The terminal elimination halflives in the liver were 77 h for liposomal MTO and 14.4 h for free MTO. In the blood, slightly higher concentrations were detected for liposomal MTO, which also had slower biphasic elimination kinetics as compared with the free drug. Drug distribution in the heart was not significantly different from that in the kidneys. The LD25 of PA-MTO liposomes in mice was 19.6 mg/kg and that of free MTO was 7.7 mg/kg. The antitumor effects of PA-MTO liposomes were evaluated in murine L1210 leukemia, in various xenografted human tumors, and in methylnitrosourea-induced rat mammary carcinoma. Generally, the liposomal application form was more effective and less toxic than the free drug. The cytostatic effects were dependent on the tumor model, the application schedule, and the drug concentration. At doses that were toxic when free MTO was used, the liposomal preparation produced strong antitumor effects in some cases. In summary, the incorporation of MTO into liposomes changes the drug's plasma-binding properties, alters its organ distribution, reduces its acute toxicity, and increases its cytostatic efficiency in various tumor models. The liposomal PA-MTO complex represents a new application form of MTO that has advantageous properties.